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vABSTRACT
During the operation of induction motor, stator resistance changes 
incessantly with the temperature of the working machine. This situation may 
cause an error in rotor resistance estimation of the same magnitude and will 
produce an error between the actual and estimated motor torque which can 
leads to motor breakdown in worst cases. Therefore, this project will propose 
an approach to estimate stator resistance of induction motor using neural 
network. Then, a correction will be made to ensure the stabilization of the 
system.
            This work has been motivated by the recent use of neural networks in
different industry applications, and by their several advantages over the
conventional controllers, such as stability, reliability, speed, and robustness.
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ABSTRAK
Selama operasi motor induksi, perubahan rintangan stator berkadar terus 
dengan suhu mesin beroperasi . Situasi ini boleh menyebabkan kesalahan dalam 
aggaran ketahanan dengan nilai parameter yg sama dan akan menghasilkan 
kesalahan antara tujahan motor sebenar dan motor anggaran yang boleh 
menyebabkan kerosakan yang teruk pada motor. Oleh kerana itu, projek ini akan 
mencadangkan suatu pendekatan untuk memprediksi ketahanan stator motor induksi 
menggunakan rangkaian saraf tiruan. Kemudian, pembetulan akan dilakukan untuk 
memastikan kestabilan sistem.
Operasi  ini telah didorong oleh penggunaan rangkaian saraf dalam aplikasi 
industri yang berbeza dengan beberapa kelebihan dalam pengawalan konvensional, 
seperti kestabilan, kebolehpercayaan, kelajuan, dan ketahanan.
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3Chapter I
INTRODUCTION
1.0 Background
For induction motor drives controlled by the indirect rotor flux 
oriented control (IRFOC), the rotor resistance variation results in an 
undesirable coupling between the flux and the torque of the machine, and loss 
of dynamic performance. This paper presents a scheme for the estimation of 
rotor resistance using a neural networks (NN) block. In this system the flux 
and torque have been estimated by using stator voltages and currents. A back-
propagation NN receives the flux and torque errors and a supposed rotor 
resistance at the input and estimates the actual rotor resistance at the output, 
which is used in the control of an indirect vector-controlled drive system.
The neural network has been trained off line with the mathematical 
model of the control scheme in detuning operations. IRFOC control, used 
with the NN estimator, has been studied in the detuning condition. The 
performance of the controller is good, even when the rotor time constant is
increased from nominal rate to twice the nominal value, as well as torque 
variations. In this method, estimation is done quickly and accurately, and its 
design is simple. 
Correction for the  resistance value will make during the detuning 
process. The induction motor will operate at normal condition when the 
process finish. 
31.1 Problem statement
The increased in demand has greatly improved the approach of fault 
detection in induction motor. During the operation of induction motor, stator 
resistance changes incessantly with the temperature of the working machine. 
This situation may cause an error in rotor resistance estimation of the same 
magnitude and will produce an error between the actual and estimated motor 
torque which can leads to motor breakdown in worst cases. Nowadays 
artificial intelligence is implemented to improve traditional techniques, where 
the results can be obtained instantaneously after it analyzes the input data of 
the motor.
1.2 Objectives of the project
The main objective of this project is to estimate the changes of 
induction motor stator resistance using neural network from the simulation 
result that is use to make a correction to ensure the stabilization of the system.
This simulation can make motor run smooth and easier to make correction for 
the real application.
1.3         Scope of the project
This project will focus on construction the induction motor, estimation 
the stator resistance using neural network and make the correction from the 
data that have been taken. However this project is using software only and 
application for the real motor are out of this project. The function of neural 
network is estimate the Rs value only not controlling or to make another 
function. The correction then will be made by using the Neural Network
software to ensure the stabilization of the system.
2
31.4 Thesis outline
This thesis consists of five chapters. In the first chapter, this chapter 
discussed the overall idea of this project including background, objectives of 
project, the scope of this project and summary of this thesis.
Chapter 2 discussed more on theory and literature review that have 
been done. It is well discusses about the Artificial Intelligence (AI), basic 
concept of the fault in induction motor related to this project.
Chapter 3 described briefly the methodology of the estimated 
induction motor, neural network estimator and develops correction for this 
project. This part also includes flow chart, and circuit design of the system.
Chapter 4 presents a discussion of the implementation, result and 
analysis of the whole project.
Chapter 5 provides the conclusions of the project. There are also 
several suggestions that can be used for future implementation or 
recommendation for this project.
5CHAPTER II
LITERATURE REVIEW
2.1 Introduction 
This chapter includes all the paper works and related research as well as the 
studies regards to this project. The chapter includes all important studies which have 
been done previously by other research work. The related works have been referred 
carefully since some of the knowledge and suggestions from the previous work can 
be implemented for this project.
Literature review was an ongoing process throughout the whole process of 
the project. It is very essential to refer to the variety of sources in order to gain more 
knowledge and skills to complete this project. These sources include reference 
books, thesis, journals and also the materials obtained from internet.
At the beginning of the project, the basic concept of fault in induction motor 
has been well acquired. In addition, the function of all the components used in this 
project such as basic operation of MATLAB, Neural Network variations, and so on 
was explored first before starting the project.
2.2 Condition Monitoring
During the past twenty years, there has been a substantial amount of research 
into the creation of new condition monitoring techniques for electrical machine 
drives, with new methods being developed and implemented in commercial products 
for this purpose [1]. On-line condition monitoring involves taking measurements on 
5a machine while it is operating in order to detect faults with the aim of reducing both 
unexpected failures and maintenance costs. Artificial intelligence is used because of 
its abilities to do analysis where formal analysis would be difficult or impossible, 
such as pattern recognition and nonlinear system identification and control. [2]
2.3 Induction Motor Fault
Induction motors play an important role in manufacturing environments, 
therefore, this type of machine is mainly considered and many diagnostic procedures 
are proposed both from industry and from academia [3].
A fault in a component is usually defined as a condition of reduced capability 
related to specified minimal requirements and is the result of normal wear, poor 
specification or design, poor mounting (here also including poor alignment), wrong 
use, or a combination of these. If a fault is not detected or if it is allowed to develop 
further it may lead to a failure [4].
The major faults of electrical machines can broadly be classified as the following [3]:
o Stator faults resulting in the opening or shorting of one or more of a 
stator phase winding.
o Abnormal connection of the stator windings.
o Broken rotor bar or cracked rotor end-rings.
o Static and/or dynamic air-gap irregularities.
o Shorted rotor field winding.
o Bearing and gearbox failures.
Induction machine failure surveys have found the most common failure 
mechanisms in induction machines [5]. These have been categorized according to the 
main components of a machine–stator related faults, rotor related faults, bearing 
related faults and other faults. 
6                    Figure 2.1:  Types of induction machine faults.
2.3.1 Voltage Drop
When line voltages applied to a uniphase induction motor are not exactly the 
same. The effect on the motor can be severe and the motor may overheat to the point 
of burnout. The voltages should be as closely as can be read on the usually available 
commercial voltmeter.
2.3.2 Stator Winding Fault
Almost 40% of all reported induction machine failures fall into this category. 
The stator winding consists of coils of insulated copper wire placed in the stator 
slots.
Stator winding faults are often caused by insulation failure between two 
adjacent turns in a coil. This is called a turn-to-turn fault or shorted turn. The 
resultant induced currents produce extra heating and cause an imbalance in the 
magnetic field in the machine. If undetected, the local heating will cause further 
damage to the stator insulation until catastrophic failure occurs. The unbalanced 
magnetic field can also result in excessive vibration that can cause premature bearing 
failures [6].
7Some of the most frequent causes of stator winding failures are [5]:
o High stator core or winding temperatures.
o Slack core lamination, slot wedges, and joints.
o Loose bracing for end winding.
o Contamination caused by oil, moisture, and dirt.
o Short circuits.
o Starting stresses.
o Electrical discharges.
2.4 Artificial Intelligence
           The essence of an expert system is the ability to manage knowledge-based 
production rules that model the physical system, while it is a main feature of NNs 
that they are general nonlinear function approximators. This function approximation 
is achieved by using an appropriate network built up from artificial neurons, which 
are connected by appropriate weights. However, the exact architecture of a NN is not 
known in advance; it is usually obtained after a trial and error procedure. Fuzzy logic 
systems are expert, rule-based systems, but they can also be considered to be general 
nonlinear function approximators. In contrast to NNs, they give a very clear physical 
description of how the function approximation is performed (since the rules show 
clearly the function approximation mechanism). On the other hand, fuzzy-NNs are 
basically NNs with fuzzy features, and it is one main advantage over “pure” NNs that 
their architecture is well defined [7]. Research trends show that AI techniques will 
have a greater role in electrical motor diagnostic system with advance practicability, 
sensitivity, reliability and automation. Diagnostic system based upon fuzzy neural 
will be very extensively used. Self- repairing electrical drives based upon genetic-
algorithm-assisted neural and fuzzy neural systems will also be widely used in the 
near future [8], [9]. The explored opportunities are to add intelligence to motors, 
providing a level of communication and diagnostic capability [2], [10].
82.4.1 Fuzzy Neural Network
Direct torque control (DTC) system has been extensively applied to the 
induction motor drive because of its advantages that has good static and dynamic 
performance. The control method takes torque and flux linkage as control object in 
stator coordinate. It removes complicated coordinate transformation and cannot be 
influenced by rotor parameters.  In DTC system, the stator resistance mainly 
influences observation of the stator flux linkage and torque. At high speed, the error 
of the flux linkage caused by stator resistance can be ignored. However, at low 
speed, the voltage drop caused by stator resistance current cannot be ignored. 
Accordingly, the accurate observation of stator resistance is the key to 
improving system performance at low speed. [11]and[12]  give  two  fuzzy resistance 
estimators that can carry  out  on-line estimation  of  the  stator resistance. Because it 
is influenced by artificial factors to select membership functions of input linguistic 
variable and establish control rules. If the selection is improper, experiment results 
will not satisfactory, even system performance will be completely destroyed. In 
[13]and[14],  the stator resistance estimator is composed  of  a  three-layer BP  neural 
network, but the neural net needs long training time and falls easily into local 
minimum. In the paper, a fuzzy-neural network (FNN) can optimize membership 
function and fuzzy rule by making use of its self-organizing learning.  In this way, 
the deficiencies that exist in fuzzy resistance estimators and neural network 
resistance estimators will be made up.  The performance at low speed of DTC system 
is efficiently improved.
